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TECHNICAL NOTE D-50 

WIND-TUNNEL INVESTIGATION OF THE 

AERODYNAMIC CHARACTERISTICS OF A MODEL REPRESENTATIVE OF A 

SUPERSONIC FIGHTER-CLASS ALRPLANE W I T H  AN EXTERNAL-FLOW 

JET-AUGMENTED FLAP I N  LOW-SPEED FLIGHT 

By W i l l i a m  A. Newsom, Jr. 

SUMMARY 

A wind-tunnel invest igat ion has been car r ied  out  t o  determine t h e  
aerodynamic c h a r a c t e r i s t i c s  of a supersonic f i g h t e r  model with an aspect-  
r a t i o - 3  unswept wing equipped with an external-flow jet-augmented double 
s l o t t e d  f l a p  i n  low-speed f l i g h t .  Two engine nacel les  were s t r u t  mounted 
beneath the  wing with the jets diverted upward and outward toward the 
s l o t s  of the ful l -span double s l o t t e d  f l a p s .  Compressed a i r  w a s  used t o  
represent  the  exhaust of these pod-mounted engines. 

With the full-span, external-flow jet-augmented double s l o t t e d  f l a p  
used on t h e  model, l i f t  coeff ic ients  as high as could be expected on the  
basis of the  area and aspect r a t i o  of the  exposed (flapped) p a r t  of the  
wing were obtajned. Interpretat ion of the  experimental data  i n  terms of 
the small supersonic f i g h t e r  airplane indicated that  a maximum usable 
LIIC,  i 4 C C  

xally avai lable  i n  an airplane of t h i s  c l a s s .  
f o r  t h e  supersonic f i g h t e r ,  simple downward def lec t ion  of the j e t  exhaust 
t o  provide a la rge  v e r t i c a l  component of t h r u s t  could r e s u l t  i n  t o t a l  
l i f t  coef f ic ien ts  (aerodynamic l i f t  p l u s  j e t  lift) of approximately the 
same magnitude as those obtained with the j e t - a u p e n t e d  f l a p  because of 
the low c i r c u l a t i o n  l i f t  obtained with a low-aspect-ratio wing and the 
lift losses  associated with the t a i l  l i f t  needed t o  t r i m  the a i rp lane  
pi tching moments. 
located on the  chord plane of the wing and having an area of 40 t o  45 per-  
cent of the wing area,  s t a b i l i t y  and trim could be achieved f o r  both the 
mid-wing and high-wing configurations. 

coefi’lcient of about 3.0 couid be obtained by using the t h r u s t  nor- 
Analysis indicated t h a t ,  

Analysis Indicated t h a t ,  with a horizontal  t a i l  

LNTRODUCTION 

Recent invest igat ions have shown the p o s s i b i l i t y  of obtaining very 
high l i f t  coef f ic ien ts  by means of a jet-augmented f lap .  
gations have included large amounts of  basic research on wings and have 

These i n v e s t i -  



a l s o  covered the appl icat ion of the jet-augmented f l a p  t o  a subsonic 
t ransport  o r  bomber ai rplane ( r e f s .  1 t o  3 ) .  It seemed desirable  t o  
exter,d t h i s  work on the appl icat ion of the je t -auwented f l a p  t o  the 
case of a supersonic f i g h t e r  s ince an airplane of t h i s  c lass  has an 
e n t i r e l y  d i f fe ren t  type of wing and much la rger  quant i t ies  of exhaust 
gases i n  proportion t o  the airframe s i z e  than w a s  the  case with the 
subsonic t ransport  or bomber. 
t o  determine how the j e t - f l a p  pr inc ip le  might be applied, t o  determine 
how high a l i f t  could be obtained, and t o  study the longi tudinal  sta- 
b i l i t y  and t r i m  problems. 

The object ives  of the inves t iga t ion  were 

L 
2 
2 
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The model used i n  the invest igat ion had an unswept wing with an 
aspec t  r a t i o  of 3 and a 37.5-percent-chord double s l o t t e d  f l a p .  It has 
two pylon-mounted nacel les  from which the j e t  exhaust could be d i rec ted  
upward and outward toward the forward s l o t s  of the  f l a p .  
be mounted i n  three  v e r t i c a l  posi t ions - high, mid, and low - and there  
w e r e  four possible hor izonta l - ta i l  posi t ions.  The invest igat ion con- 
s i s t e d  o f  measurement of the longi tudinal  and l a t e r a l  aerodynamic charac- 
t e r i s t i c s  f o r  a range of angle of a t tack ,  s i d e s l i p  angle, and mass flow 
f o r  various combinations of the geometric var iables .  These systematic 
tests were made with the double s l o t t e d  f l a p  a t  5 5 O  def lec t ion  ( the f i rs t  
element being def lected 27.5O and the second element being def lected an 
addi t ional  27.5'). 
deflect ions.  
equal t o  25 percent of the wing area w a s  used. 

The w i n g  could 

Only a few exploratory tests were made a t  other  f l a p  
I n  the tests an all-movable horizontal  t a i l  having an a rea  

SYMBOL5 

The basic  data are re fer red  t o  a center  of grav i ty  located a t  the  
reference l i n e  of the fuselage and a t  0.40 mean aerodynamic chord. 

b wing span, f t  

CD drag coef f ic ien t ,  Drag/qS 

CL l ift coef f ic ien t ,  Lift /qS 

l i f t  coef f ic ien t  of horizontal  t a i l  CL, t 

c2 rolling-moment coef f ic ien t ,  Rolling moment/qSb 

c;, pitching-moment coef f ic ien t ,  My/qSC 

* 
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pitching-moment coefficient of horizontal  t a i l  Cm, t 

Cn yawing-moment coeff ic ient ,  Yawing moment/qSb 

CY side-force coeff ic ient ,  Side force/qS 

momentum coeff ic ient  based on t h r u s t  of two nacel les  with 
conventional round nozzles, T/qS cP 

- 
C mean aerodynamic chord, f t  

h height of horizontal  t a i l  above wing chord plane, f t  

it angle of incidence of horizontal  t a i l ,  pos i t ive  when t r a i l i n g  
edge i s  down, deg 

pi tching moment, f t - l b  MY 

dynamic pressure,  PV 1 2  , lb / sq  ft 9 

S wing area,  sq  f t  

hor izonta l - ta i l  area,  sq f t  S t  

T t h r u s t ,  l b  

v veloci ty ,  f t / s e c  

w weight, l b  

U angle of a t tack,  deg 

B angle of s ides l ip ,  deg 

6f def lec t ion  of r e a r  element of double s l o t t e d  f l a p  with 
respect  t o  wing chord l i n e  (measured p a r a l l e l  t o  plane of 
symmetry; def lect ion of forward element of f l a p  i s  one-half 
t h a t  of r e a r  element), deg 

t 

P a i r  density,  slugs/cu f t  



J3ELIMINARY ANALYSIS O F  APPLICATION 

OF JET-AUGMENTED FLAP 

There w a s  no precedent on which t o  base the design of a model f o r  

Therefore, before 
an experimental study of the aerodynamic c h a r a c t e r i s t i c s  of a supersonic 
f i g h t e r  c l a s s  a i rp lane  with a jet-augmented f l a p .  
s t a r t i n g  an experimental investigation, it w a s  necessary t o  make a pre- 
liminary analysis  of means of applying the  jet-augmented-flap pr inc ip le  
t o  t h i s  class of a i rplane and t o  l a y  out an a i rp lane  configuration on 
which t o  base a model t h a t  might give representat ive aerodynamic r e s u l t s .  

I n  a supersonic f i g h t e r  a i rplane which has r e l a t i v e l y  small t h i n  
w i n g s  it does not seem p r a c t i c a l  t o  route  the la rge  amount of exhaust 
gases ava i lab le  through the wing for an internal-flow appl ica t ion  of the  
jet-augmented f l a p .  Since the tests of reference 1 showed t h a t  it w a s  
possible  t o  obtain almost as high a l i f t  f o r  an external-flow j e t -  
augmented f l a p  as f o r  an internal-flow arrangement, it w a s  decided t o  
inves t iga te  the appl icat ion of the external-f low jet-augmented-f lap  
p r i n c i p l e  t o  the supersonic f i g h t e r .  The use of an external-flow j e t -  
augmented f l a p  makes it des i rab le  t o  use a r e l a t i v e l y  unswept wing s ince 
unpublished experimental data  have shown t h a t  sweepback can cause losses  
i n  the l i f t  induced by a j e t  f l a p .  It i s  evident that a f i g h t e r  with a 
j e t  f l a p  should have as high a.n aspect r a t i o  as i s  p r a c t i c a l  from high- 1 

speed considerations,  because of the  adverse e f f e c t  of low aspect r a t i o  
on the l i f t  t h a t  can be obtained with a jet-augmented f l a p  (see ref .  4 ) .  
It was decided therefore  t o  use an unswept w i n g  having an aspect  r a t i o  
of 3 and a taper  r a t i o  of 0.5.  

c 

The exteroal-flov jet-a1+pen+~d=fla~ zzrz.nge~ent cc;r,slsts esse=- 
t i a l l y  of d i rec t ing  the exhaust of pod-mounted j e t  engines upward toward 
the s l o t  of a s l o t t e d  f l a p  so t h a t  the exhaust gas i s  f l a t t e n e d  out  and 
d i rec ted  downward as a j e t  sheet  over the f l a p  which induces a high cir-  
cu la t ion  l i f t  i n  the same manner as an  internal-flow jet-augmented-flap 
arrangement. It seemed impract ical  t o  mount the engine far enough 
forward t o  d e f l e c t  the exhaust from the t a i l  pipe up t o  the s l o t  i n  the 
f l a p .  The main d i f f i c u l t i e s  involved i n  mounting the engine s o  far for -  
ward were the s t ruc ture  needed and the acoustic-vibration and heat 
e f f e c t s  on the lower surface of t h e  w i n g  caused by af terburner  operation 
a t  supersonic speed. The scheme that was devised t o  overcome these d i f -  
f i c u l t i e s  i s  i l l u s t r a t e d  i n  f igure  1. It cons is t s  of a s p e c i a l  sect ion 
containing a b u t t e r f l y  d iver t ing  valve mounted between the  engine and 
the af terburner .  When the b u t t e r f l y  valve is  deflected,  the gas i s  
diver ted out through spec ia l  por t s  i n  the top of the nacel le .  The f l a p  
t h a t  uncovers the por t s  d i r e c t s  the  gas upward and rearward toward the 
s l o t  of t h e  s l o t t e d  f l a p .  I n  preliminary s t a t i c  t e s t s  t h i s  arrangement 
w a s  found t o  give good spreading and turning of the j e t  with reasonable 

w 

v 



v t h r u s t  losses .  It  w a s  therefore  decided t o  use t h i s  configuration i n  the 
model design. 

*' With an external-flow jet-augmented-flap system of t h i s  type it w a s  
believed t o  be desirable  t o  represent the s i z e  of the engine exhaust as 
wel l  as i t s  t h r u s t  because of the  r e l a t i v e l y  large s i z e  of the exhaust 
sti.sam i n  proportion t o  the s i z e  of the wing and f l a p s .  It w a s  therefore  
necessary t o  decide how much t h r u s t  would be applied t o  the f l a p  and what 
the s i z e  of the exhaust stream would be. Preliminary analysis ,  i n  which 
the da ta  from f igure  4 of reference 4 f o r  an aspect r a t i o  of 3 was used, 
indicxLed t h a t  f o r  a supersonic f igh ter  a i rplane with afterburning engines, 
t t  kould be possible  t o  obtain higher l i f t  coef f ic ien ts  with p a r t  of the  
engines exhausting through the je t - f lap  arrangement and p a r t  of them used 
s o l e l y  f o r  propulsion. This results from the f a c t  that it does not  seem 
l o g i c a l  t o  use the high-temperature reheated exhaust on a j e t  f l a p  but it 
i s  very desirable  t o  take advantage of the e x t r a  t h r u s t  avai lable  from 
afterburning f o r  propulsion. I f  only p a r t  of the engines are used i n  con- 
junct ion with the j e t  f lap ,  it i s  possible t o  use large f l a p  def lect ions 
which r e s u l t  i n  a la rge  n e t  drag .  The augmented t h r u s t  of t h e  other  
englnes with t h e i r  af terburners  operating could be used t o  overcome t h i s  
high drag. This system would r e s u l t  i n  higher l i f t  coef f ic ien ts  than 
those f o r  a system i n  which a l l  the engines were exhausted through the 
j e t  f l a p  with a much lower f l a p  def lect ion used t o  give a n e t  t h r u s t  
ins tead  of a drag. 
invest igat ion w a s  therefore  assumed t o  be a 13,300-pound f i g h t e r  with 

burning and 3,600 pounds with afterburners operating. 
were pod mounted beneath the wing and one w a s  mounted a t  the  rear of the 

The airplane configuration t o  be represented i n  the 

c three engines, each having a s t a t i c  thrust of 2,500 pounds without after- 
Two of the engines 

I 

fuselage.  A --scale 1 model w a s  used i n  t h e  inves t iga t ion  t o  represent  
7 

t h i s  hypothetical  a i rplane.  

A three-view drawing of the model used i n  the tests i s  shown i n  f i g -  
ure 2 ( a )  and the geometric charac te r i s t ics  are given i n  t a b l e  I. 
mentioned previously, the model was intended t o  represent a supersonic 
f i g h t e r  c l a s s  of a i rplane.  I t  had a t h i n  unswept wing, a fuselage of 
c i r c u l a r  cross sect ion,  and an all-movable horizontal  t a i l .  An engine 
nacel le  w a s  s t r u t  mounted beneath each wing with the j e t  diver ted upward 
and outward toward the s l o t  of the double s l o t t e d  f l a p .  

A s  

Cold compressed a i r  used t o  simulate jet-engine exhaust w a s  piped 
out through the wing and down through the pylons i n t o  the nacel les  which 
were i n  e f f e c t  large plenum chambers t o  which various d i v e r t e r  nozzles 

c 

. could be aff ixed.  The sketch of f igure  3 shows the i n t e r n a l  arrangement 
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of the nacel le  with the nozzle block which represented the  case i n  which 
the engine b u t t e r f l y  valve w a s  deflected t o  exhaust the gas out of t h e  
por t s  i n  the top of the nacel le .  Actually, as shown i n  f igure 4, the  
por t s  extended around approximately the upper one-fourth of the nace l le  
and the flow coming out the s ide  of the por t s  w a s  d i rec ted  toward the 
wing root  and t i p  t o  give a fa i r ly  even spread of the gases over the wing 
f l a p .  

I 

The wing of the model had 0' sweep of the 0.65-chord l i n e ,  an aspect  
r a t i o  of 3.00, a taper  r a t i o  of 0.5, and was equipped with a ful l -span 
37.5-percent-chord double s l o t t e d  flap of the type i l l u s t r a t e d  i n  f i g -  L 
lures 5(a) and 5 (b ) .  2 
spec ia l  contour but were f a i r e d  t o  approximately the shape shown i n  the  2 

3 

The noses of the f l a p  elements d i d  not have any 

Figure 5(b)  shows t h e  f l a p s  i n  t h e  extended pos i t ion  a t  a sketches.  
def lec t ion  of 53' which w a s  the  def lect ion used i n  most of the t e s t s .  

The a i r f o i l  sect ion of the class  of a i rplane represented by the 
model should be very t h i n  but it was not possible  t o  use a suita.bly t h i n  
a i r f o i l  on the model because of the s ize  of the tubes supplying compressed 
a i r  t o  the nacel les .  The a i r f o i l  section used on the model w a s  developed 
by thickening the NACA 65-003 a i r f o i l  s e c t i o n  t o  accommodate the compr, ossed 
a i r  tiubes as i l l u s t r a t e d  i n  f igure  5 ( c ) .  
would represent  the e s s e n t i a l  charac te r i s t ics  of the NACA 65-003 a i r f o i l  
sec t ion  insofar  as the jet-augmented-flap operation is  concerned s ince it 
had the  sare  t h i n  a i r f o i l  leading edge and f l a p  nose sect ion.  W 

It was f e l t  t h a t  t h i s  a i r f o i l  

The wing of the model could be mounted a t  any of three pos i t ions  - 
tangent with the top of the fuselage,  tangent with the bottom of the  
fuselage,  o r  on the fuselage center  l ine  as shown i n  f i g u r e  2(b) .  When 
the wing w a s  i n  the high o r  m i d  posit ion,  the gap between the def lected 

was i n  the  low posi t ion,  the f l a p  was extended across beneath the fuselage,  
the sec t ion  under the fuselage being a p l a i n  f l a p  extending downward as 
f a r  as the  double s l o t t e d  f l a p .  The hinge brackets on the  inboard end of 
the double s l o t t e d  f l a p  were r a t h e r  large and served t o  seal the gap 
between the two types of f l a p s .  The hinge bracket probably a l s o  served 
t o  prevent any flow from the nacelles from reaching the f l a p  under the  
fuselage.  The hor izonta l - ta i l  posit ion w a s  a l s o  var iable .  Four t a i l  
pos i t ions  were provided - one on the fuselage center l i n e  and three on 
the v e r t i c a l  t a i l .  The pos i t ion  of the horizontal  t a i l  i s  always pre- 
sented i n  terms of i t s  height above the wing chord plane s ince t h i s  w a s  
considered the important parameter. The various combinations of wing 
and t a i l  posi t ions covered i n  the t e s t s  a r e  shown i n  f i g u r e  2(b) .  
horizontal  t a i l  used i n  the t e s t s  had an area equal t o  25 percent of the 
wing area, 25' sweep of the 25-percent chord, and an NACA 65-003 a i r f o i l  
sec t ion .  

L 
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TESTS 

A s  pointed out  previously,  it was believed t o  be important t o  repre-  
s en t  t h e  s i z e  as w e l l  as the  t h r u s t  of t he  engine exhaust. The following 
procedure was used t o  achieve t h i s  representation. The nace l les  were 
f l t t e d  with ordinary round t a i l  pipes of scaled diameter, and the pres- 
sures  and flow quan t i t i e s  required t o  ob ta in  various amounts of t h r u s t  
were recorded. 
of mass flow w a s  obtained from the  pressure drop i n  the given length of 
hose supplying compressed a i r  t o  the  nace l le .  Then the nozzle blocks 
represent ing the exhaust d i v e r t e r s  were i n s t a l l e d  and the  s i z e  of t he  
po r t s  i n  the  top of the nacel les  was adjusted t o  give the  same flow 
quant i ty  - t h a t  i s ,  the same pressure drop i n  the  supply hose - f o r  the  
same pressure ins ide  the nace l le .  
produce a given th rus t  with the round nozzles were used as  a ca l ib ra t ion  
i n  s e t t i n g  the CIJ. conditions i n  the tests s ince C,,, i s  defined (under 

the  same flow conditions) as 

The mass flow was not ac tua l ly  measured but  an ind ica t ion  

The values of pressure required t o  

Thrust Of round 
qs  

Preliminary t e s t s  were made a t  zero airspeed t o  determine a su i t ab le  
configuration f o r  turning the je t .  These t e s t s  showed t h a t  with the  
double s l o t t e d  f l a p  def lected goo (def lect ion of 4 5 O  of each segment) the 
j e t  could be turned nearly 90° but  that  a 60-percent l o s s  i n  t h r u s t  w a s  
incurred i n  turning the j e t .  With a f l a p  de f l ec t ion  of 5 5 O  the  j e t  w a s  
turned through an angle of about 35Owith a t h r u s t  l o s s  of only 25 per-  
cent;  that i s ,  the  r e su l t an t  force  of t he  wing-nacelle combination was 
75 percent of the th rus t  of the nacelles with standard round nozzles.  
'Ibis i s  about as low a l o s s  as  has ever been obtained i n  previous 
external-flow jet-augmented-flap t e s t s .  A f l a p  def lec t ion  of 5 5 O  w a s  
therefore  used throughout the  t es t  program. These tests included 
~ e r s l ~ ~ ~ e ~ e n t s  =I" ;he XI"%, drsg, a=& pitching mmient i'or two t a i l  pos i -  
t i ons  3nd f o r  the t a i l  of f  f o r  each of tne three  wing pos i t ions  over a 
range of angle of a t t ack  from -loo t o  25' and of momentum coe f f i c i en t  
from 0 t o  2.35. The t e s t s  a l s o  included measurements of the va r i a t ion  
of r o l l i n g  moment, yawing moment, and s ide  force with angle of s i d e s l i p  
over a range of angle of a t tack  fromoo t o  20° with the  v e r t i c a l  t a i l  
off and the v e r t i c a l  t a i l  on f o r  each of t he  three  wing pos i t ions .  

All the  tests were made i n  the  12-foot octagonal t es t  sec t ion  of 
the  Langley f r e e - f l i g h t  tunnel a t  a dynamic pressure of about 0.94 pound 
per  square foo t  which corresponds t o  a ve loc i ty  of about 25 f e e t  per  
second and a Reynolds nmber  of about 187,000 based on the  m e a n  aerody- 
namic chord of the  wing t e s t ed .  
v e r t i c a l  s t r u t  with a six-component strain-gage balance. 
model w a s  small r e l a t i v e  t o  the s i ze  o f  the t es t  sec t ion  of the  tunnel ,  
no wind-tunnel corrections have been applied t o  the data. 

The model was mounted on a s ingle  
Since the  
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RESTJLTS AND DISCUSSION 

Off  
On 
On 
Off 
On 

Presentat ion of Results 

The aerodynamic cha rac t e r i s t i c s  of the  model obtained i n  the wind- 
tunnel t e s t s  a r e  presented i n  f igures  6 t o  11. 
r a t i o n s  invest igated and of the f igu res  t h a t  present  the  basic  da ta  i s  
given i n  the  following t ab le :  

A summary of the configu- 

Wing 
pos i t  io1 

High 

Mid 

Low 

IHorizontal t a i l  I 

I I I I 

I I I I L .25 

Off 
On 
On 
Off 
On 

Off 
On 
On 
O f f  
On 

Figure 

lob) 
-O(b) t o  l O ( e )  
. ~ ( f )  t o  1 O ( i )  
. l (a)  t o  l l ( e )  
~ ( f )  t o  11(j) 

L i f t  

I n  f igure 1 2  a comparison i s  presented of the l i f t  coe f f i c i en t s  
obtained with the present model with those calculated by a semiempirical 
method. The l i f t  w a s  calculated from the da ta  of reference 4 based on 
the a rea  (310 sq i n . )  and aspect  r a t i o  ( 2 . 5 )  of the  flapped p a r t  of the  
wing. The calculated data ,  however, were converted i n t o  coef f ic ien ts  CL 
and Cy based on the t o t a l  wing area i n  order t o  make them d i r e c t l y  com- 
parable with the experimental da ta .  The experimental da ta  a re  f o r  the  .I 

high-wing-tail-off configuration a t  a = 0'. This comparison ind ica tes  
t h a t  the  jet-augmented-flap configuration used on the model w a s  reasonably 

9 
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e f f i c i e n t  since it gave about as high l i f t  coef f ic ien t  as could be 
expected from an internal-flow system such as t h a t  used i n  reference 4. 

The e f f e c t  of wing pos i t ion  on the l i f t  produced by the jet-augmented 
f l a p  may be seen i n  f igure  13. The data f o r  t h i s  f igure  were obtained 
from f igures  6 (a ) ,  8(a) ,  and lO(a) since with the horizontal  t a i l  o f f  the 
e f f e c t  of the wing-fuselage interference i s  i so la ted .  Figure 1-3 shows 
t h a t  there  i s  not much difference i n  the l i f t  f o r  d i f f e r e n t  wing pos i t ions  
but t h a t  the mid-wing configuration gave s l i g h t l y  higher values of lift 
over the  whole range than e i t h e r  of the other  two configurations.  
The mid-wing Configuration had a somewhat smoother wing-fuselage juncture  
and it may be t h a t ,  i f  the wing-fuselage junctures of the high-wing and 
low-wing configurations were improved, the  l i f t  f o r  these configurations 
could be brought up t o  t h a t  of the mid-wing configuration. 

C,, 

S t a b i l i t y  and T r i m  

Longitudinal.- The pitching-moment data of f igures  6, 8, and 10 show 
t h a t  the  longi tudinal  s t a b i l i t y  and t r i m  c h a r a c t e r i s t i c s  were unsat isfac-  
to ry  f o r  a l l  of the configurations tes ted.  An analysis  has been made, 
therefore ,  t o  determine how large the horizontal  t a i l  has t o  be i n  order 
t o  t r i m  the ai rplane pi tching moment and t o  obtain a reasonable amount of 
s t a t i c  margin. Since a pitch-up (increasing s t a t i c  longi tudinal  i n s t a -  
b i l i t y  with increasing angle of a t tack)  i s  c h a r a c t e r i s t i c  of configura- 
t ions  i n  which the horizontal  t a i l  i s  mounted above a low-aspect-ratio 
wing, the  analysis  has been made f o r  the two lowest h o r i z o n t a l - t a i l  con- 
f igura t ions  t e s t e d  (mid wing, h/E = 0 and high wing, h/E = 0 ) .  The 
use of a t a i l  pos i t ion  below the wing chord plane w a s  not  covered i n  the 
present  invest igat ion since i t  w a s  not considered feas ib le  t o  l o c a t e  the 
t a i l  i n  the exhaust of the pod-mounted engines which would have a f t e r -  
burners operating f o r  supersonic f l i g h t .  

'The three s t a b i l i t y  and t r i m  requirements t h a t  the horizontal  t a i l  
must s a t i s f y  f o r  purposes of analysis were t h a t  using a h o r i z o n t a l - t a i l  
l i f t  c o e f f i c i e n t  of no t  more than 1.2 the airplane pi tching moment a t  
C,, = 1.48 should be trimmed and a s t a t i c  margin of about 5 percent E 
or  g r e a t e r  should be a t ta ined  a t  t h i s  and a l l  lower values of 
r e s u l t s  of the analysis  are presented i n  f igure  14.  With the mid-wing 
configuration ( f i g .  1 4 ( a ) ) ,  a horizontal  t a i l  having an area equal t o  
45 percent of the wing area i n  conjunction with a center of grav i ty  a t  
about 28 percent of the mean-aerodynmic-chord s t a t i o n  would give a 
s t a t i c  margin of about 5 percent E a t  C = 0 and grea te r  s t a t i c  margin 
a t  higher values of C,,. 

( f i g .  1 4 ( b ) )  shows t h a t ,  i f  the  center of grav i ty  w a s  a t  28 percent of 
the mean-aerodynamic-chord s t a t i o n  as before, e s s e n t i a l l y  the same s t a t i c  

C,,. The 

CI 
The plot  made f o r  the high-wing configuration 
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margin ( 5  percent c' a t  
having an area equal t o  only 40 percent of the w i n g  area.  
configuration as before, the s t a t i c  margin would be grea te r  a t  higher 
values of C . 

CL 

Cp = 0) could be a t ta ined  with a horizontal  t a i l  
For t h i s  

Lateral.- The var ia t ion  of r o l l i n g  moment, yawing moment, and s ide  
force with s i d e s l i p  angle f o r  the various configurations i s  presented 
i n  f igures  7, 9, and 11 f o r  the condition of zero t a i l  incidence. The 
rolling-moment data  i n  these f igures ,  p a r t i c u l a r l y  those i n  f igure  7, 
are very e r r a t i c .  The data of f igures  7, 9, and 11 a l s o  show large 
asymmetries and la rge  r o l l i n g  moments a t  zero s i d e s l i p  i n  many cases.  
These cases generally involve high angles of a t tack ,  f requent ly  beyond 
the s t a l l ,  o r  high values of 
s m a l l  percentage differences i n  l i f t  between the r i g h t  and l e f t  wings 
can cause large r o l l i n g  moments. For example, a rolling-moment coef f i -  
c i e n t  of about 0.08 can be produced by a difference i n  l i f t  c o e f f i c i e n t  
of 0.3 which i s  about 10 percent of the t o t a l  l i f t .  

Cp where the l i f t  i s  high, and reasonably 

The data  of f igures  7, 9, and 11 and a summary p l o t  made f o r  Cp = 0 

and 1.48 
t e s t e d  increasing the momentum coef f ic ien t  had a s t a b i l i z i n g  e f f e c t  on 
the  yawing moment due t o  s i d e s l i p .  I n  some instances,  espec ia l ly  f o r  the 
mid-wing configuration with the t a i l  o f f ,  the model became d i r e c t i o n a l l y  
s t a b l e .  The v e r t i c a l  t a i l  used on the model provided d i r e c t i o n a l  s ta-  
b i l i t y  a t  angles of a t tack  up t o  loo f o r  a l l  conditions covered i n  the 
t e s t s .  
a l l y  unstable a t  CIJ. = 0, and a t  an angle of a t tack  of 20' the  model had 
unsat isfactory d i rec t iona l  s t a b i l i t y  c h a r a c t e r i s t i c s  even with power on. 
The p l o t s  of rolling-moment v a r i a t i o n  with s i d e s l i p  angle show a t  low 
angles of a t tack  a pos i t ive  dihedral  e f f e c t  ( - C z p )  i n  the high-wing con- 

f igura t ion  ( f i g .  7 )  and a neut ra l  dihedral  e f f e c t  ( C z p  

f o r  some of the  low-wing configurations.  
example 15' o r  20°, the var ia t ion  of r o l l i n g  moment wi th  s i d e s l i p  w a s  
very e r r a t i c .  

( f i g .  15) show, i n  general ,  t h a t  f o r  a l l  the configurations 

A t  an angle of a t tack  of l5O, however, the model w a s  d i rec t ion-  

e s s e n t i a l l y  zero) 

A t  high angles of a t tack ,  f o r  

APPLICATION OF DATA 

A br ie f  analysis  w a s  made by using the r e s u l t s  of the experimental 

It should be 
invest igat ion t o  determine how high a l i f t  coef f ic ien t  could be obtained 
with an airplane of the type represented by the model. 
rea l ized  t h a t  the l i f t  coef f ic ien t  i s  not  the only f a c t o r  of i n t e r e s t  i n  
the case of a take-off, since the take-off dis tance i s  markedly affected 

L 
2 
2 
3 
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by the acce lera t ion  of the  a i rp lane  during the  ground roll. No account 
was taken i n  the  analysis  of the ground e f f e c t  on the  aerodynamic charac- 
t e r i s t i c s  although proximity t o  the ground i s  known t o  have an adverse 
e f f e c t  on the l i f t  coef f ic ien ts  obtainable. 
a i rplane cha rac t e r i s t i c s  were used t h a t  were used i n  the  preliminary 
analysis  on which the  design of the model had been based. 
as previously mentioned, w a s  a 13,500-pound f i g h t e r  with three  engines, 
each having a s t a t i c  t h r u s t  of 2,500 pounds without af terburners  and 
?,'a0 pounds with af terburners  operating. 
mounted beneath the  wing and one w a s  mounted a t  the  r e a r  of the fuselage.  

For t h i s  ana lys i s ,  the  same 

This a i rp lane ,  

Two of the  engines were pod 

A s  a f i r s t  s t ep  i n  the  analysis ,  the curves of CL p l o t t e d  as  a 
funct ion of Cp f o r  the  t r i m  condition of C, = 0 were constructed by 
in t e rpo la t ion  from the  da ta  of f igure  6. These curves a re  presented i n  
f igu re  16 for two angles of a t tack ,  0' and 10'. 
of the  wing engines without afterburning t o  the weight of the a i rp lane  
i s  0.37. A line representing t h i s  thrust-weight r a t i o  i s  shown i n  the 
bottom p l o t  i n  f igu re  16. From the in te rsec t ion  of t h i s  l i n e  with the  
l i f t  curves, the  lift coef f ic ien t  of the a i rp lane  w a s  found t o  be 2.8 a t  
a = Oo and 3.5 a t  a = loo. The r a t i o  of the  t h r u s t  of the  t a i l  engine 
with a f te rburner  operating t o  t h a t  of t he  wing engine i s  0.75. A l i n e  
represent ing t h i s  r a t i o  i s  shown i n  the top p l o t  i n  f igu re  16. From the  
in t e r sec t ion  of t h i s  l i n e  with the  drag curves, it can be seen that 
l i t t l e  excess t h r u s t  i s  l e f t  f o r  climb a t  an angle of a t t ack  of loo,  but  
a considerable amount of excess th rus t  i s  ava i lab le  a t  an angle of 
a t t ack  of Oo. 
and a maximum usable l i f t  coef f ic ien t  of about 3.0 i s  assumed, the  hypo- 
t h e t i c a l  a i rp lane  could climb a t  about 6 O  (or with a rate of climb of 
near ly  1000 f e e t  per  minute). It should be borne i n  mind t h a t  the  model 
had a ful l -span f l a p  and had no provision f o r  roll control .  The pro- 
v i s ion  of an adequate roll control  system might compromise the  configura- 
t i o n  by causing lower maximum l i f t  coe f f i c i en t s  than those obtained i n  
the  model tests.  

The r a t i o  of the t h r u s t  

I f  an in te rpola t ion  i s  made between these two conditions 

The obvious question t h a t  a r i s e s  i s  how the  l i f t  obtainable with the  
j e t  f l a p  compares with t h a t  obtainable by simply d i r ec t ing  the  j e t  exhaust 
downward. I n  considering the  case i n  which the engines are t i l t e d  s o  t h a t  
the j e t  exhaust i s  d i rec ted  downward, it i s  necessary t o  assume a somewhat 
d i f f e r e n t  configuration i n  order t h a t  the  exhaust of a l l  t he  engines may 
be d i rec ted  downward while longi tudinal  t r i m  i s  maintained. I n  the f o l -  
lowing ana lys i s  it i s  assumed, however, t h a t  t o t a l  weight and the  t o t a l  
t h r u s t  ava i lab le  from the j e t  engines are the same as  those f o r  the air-  
plane with the jet-augmented f l ap .  If a l l  t he  engines of such an a i r -  
plane are t i l t e d  700, the  ve r t i ca l  component of the  t h r u s t  with a f t e r -  
burners operating would be about10,OOO pounds or three-fourths of  t he  
weight. The j e t s  would therefore support three times the l i f t  of t he  wing 
or have three  t i m e s  the  lift coef f ic ien t  of the  wing. Since the  a i rp lane  



could e a s i l y  a t t a i n  an aersclynamic l i f t  coe f f i c i en t  of 1.0, the t o t a l  
l i f t  Coefficient with engines operating would be about 1c.O. W i t h  t h e  
j e t  def lect ion of TO0 the  forward component of the t h r u s t  would be 
3,'700 pounds which i s  more than adequate t o  propel the a i rp lane .  

It might seem unreasonable t o  d i r e c t  the exhaust of afterbclrl i ir i~ 
engines d i r e c t l y  a t  the  ground i n  t h i s  manner; a s i n i l a r  ana lys i s  was, 
therefore,  made f o r  the case i n  which the exhaust of the  engines with- 
out  afterburning w a s  def lec ted  downward as  has been done i n  England on 
a Gloster Meteor ( r e f .  5 ) .  
deflected downward through an angle of Go0, the  v e r t i c a l  component of 
the  thrus t  would be approximately 6,500 pounds which i s  near ly  one-hzlf 
t he  weight of  the a i rp lane .  The t o t a l  l i f t  coe f f i c i en t  would therefore  
be about twice the  aerodynamic l i f t  coe f f i c i en t  o r  about 2.0. Wi th  t h i s  
600 j e t  def lect ion,  t he  forward component of the j e t  force  would be 
about 3,750 pounds. These analyses f o r  the  de f l ec t ed - j e t  cases a re  
obviously supe r f i c i a l .  More d e t a i l e d  ca lcu la t ions  have been found t o  
give approximately the  same results. 

I n  t h i s  case if the engine exhaust were 

3 '_ 
3 

Since it was r ea l i zed  t h a t  not only the  l i f t  but the take-off d i s -  
tances o f  the  various configurations were of i n t e r e s t ,  ca lcu la t ions  were 
made t o  determine how the  take-off dis tances  compared with each other  
f o r  these various l i f t  augmentation schemes. The following configura- 
t i ons  were considered: the  three  configurations previously mentioned 
(jet-augmented f l ap ,  engines t i l t e d  with a f te rburners  on, and j e t  
diver ted downward with a f te rburners  o f f )  and a conventional configura- 
t i o n  with a l l  engines exhausting s t r a i g h t  backward with f l a p  down. 
results of  the  calculat ions indicated t h a t  the various configurations 
a l l  had approximately the  same take-off dis tance,  ranging from about 
2,000 t o  2,200 f e e t .  
the  engines were t i l t e d  t o  50' with the af terburner  operating and the  
take-off performed with f l a p  up and a t  an angle of a t t ack  of 20°, the  
take-off distances could probably be reduced t o  about 1,000 feet .  
main point t h a t  may be in fe r r ed  from the ana lys i s  i s  t h a t  the  l i f t  coef- 
f i c i e n t s  and take-off dis tances  obtainable with the j e t  f l a p  are not 
markedly d i f f e ren t  from those obtained by simply d i r ec t ing  the  j e t  
exhaust downward f o r  an a i rp lane  of t he  general  configuration represented 
by the model. 
the  l i f t  would therefore  be mostly dependent on mechanical and operat ional  
considerations.  

P 

The 
* 

In  one instance the  ca lcu la t ions  showed t h a t ,  i f  

The 

The choice of schemes f o r  using the  j e t  t h r u s t  t o  augment 

CONCLUSIONS 

II 

The following conclusions were drawn f r o m  the  r e s u l t s  of an i n v e s t i -  
ga t ion  of the appl ica t ion  of a jet-augmented f l a p  t o  a supersonic f i g h t e r  
c l a s s  of airplane : J 



1. With the ful l -span,  external-flow jet-augmented double s l o t t e d  
f l a p  used on the  model, l i f t  coef f ic ien ts  were obtained which were as 
high as would be predicted on the  basis of the a rea  and aspect r a t i o  of 
the exposed p a r t  of the wing by using the preliminary design cha r t s  and ' 

methods of NACA Technical Note 3863. 

2. In t e rp re t a t ion  of the  experimental da ta  i n  terms of the small 
supersonic f i g h t e r  a i rp lane  indicated t h a t  a maximum usable l i f t  coef-  
f i c i e n t  of about 3.0 could be obtained by using the  t h r u s t  normally 
availrzble i n  an a i rp lane  of t h i s  c lass .  

3. Analysis in2icated t h s t  f o r  t h i s  a i rp lane  simple downward def lec-  
t i o n  of the j e t  exhaust t o  provide a la rge  v e r t i c a l  component of t h r u s t  
could r e s u l t  i n  t o t a l  l i f t  coef f ic ien ts  (aerodynamic l i f t  plus  j e t  l i f t )  
of approximately the  same magnitude as those obtained with the  j e t -  
augmented f l a p .  

4. Analysis indicated t h a t  with a hor izonta l  t a i l  loca ted  on the  
chord plane of the  wing and having an a rea  of 40 t o  45 percent  of t he  
w i n g  area and a t a i l  l i f t  coef f ic ien t  of 1.2,  pitching-moment t r i m  and 
s t a t i c  longi tudina l  s t a b i l i t y  could be achieved f o r  both the mid-wing 
and high-wing configurat ions.  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  V a . ,  June 26, 1959. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL TESTED 

3 

3 

Wing : 
Area, s q i n .  . . . . . . . . . . . . . . . . . . . . . . . . .  432 
A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 

A i r f o i l  sect ion . . . . . . . . . . . . . . . .  Modified NACA 65-003 
37.5 

Flap span, percent wing span . . . . . . . . . . . . . . . . .  100 
Root chord, in .  . . . . . . . . . . . . . . . . . . . . . . .  16.0 
Tip chord, i n .  . . . . . . . . . . . . . . . . . . . . . . . .  8.00 
Span, i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . 3 6 . 0 0  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 

0 

Mean aerodynamic chord, i n .  . . . . . . . . . . . . . . . .  . 1 2 . 4 5  

Flap chord ( t o t a l  of both segments), percent wing chord . . . .  

. . . . . . . . . . . . . . . . . . .  Sweep of 0.65 chord, deg 

Fuselage : 
Length, i n .  . . . . . . . . . . . . . . . . . . . . . . . . .  84.73 
Diameter (maximum), i n .  . . . . . . . . . . . . . . . . . . .  0.12 

Horizontal t a i l :  
Area, s q i n .  . . . . . . . . . . . . . . . . . . . . . . . . .  108 
Length (distance from 0.40C of wing 
to O.25E of t a i l ) ,  wing chords . . . . . . . . . . . . . . .  2.5 

Root chord, i n .  . . . . . . . . . . . . . . . . . . . . . . .  8.00 
Tip chord, i n .  . . . . . . . . . . . . . . . . . . . . . . . .  4.00 

A s p e c t r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 
Sweep of 0.25 chord, deg . . . . . . . . . . . . . . . . . . .  25 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 
A i r f o i l  sect ion . . . . . . . . . . . . . . . . . . . . .  NACA 65-003 

Span, i n .  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8 . ~  

Mean aerodynamic chord, i n .  . . . . . . . . . . . . . . . . .  6.23 

Vex- t i c a l  t a i l  : 
Exposed area,  sq i n .  . . . . . . . . . . . . . . . . . . . . .  68.69 

Root chord a t  fuselage intersect ion,  i n .  . . . . . . . . . . .  9.50 
Tip c h o r d , i n .  . . . . . . . . . . . . . . . . . . . . . . . .  6.00 
Sweep of  leading edge, deg . . . . . . . . . . . . . . . . . .  25 

Exposed span, i n .  . . . . . . . . . . . . . . . . . . . . . .  8.50 

. 
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(a) Three-view drawing of the model with the mid-wing 
configuration and the 0.255 tail. 

Figure 2.- Sketches of the model. All dimensions are in inches. 
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(b) Sketch showing various wing and t a i l  posi t ions 
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